This paper presents a new structure for a sixport reflectometer which due to its simplicity can be integrated very easily in MMIC technology. It uses non-matched diode detectors with a liigli input impedance that are placed around a phase shifter. The circuit has been fabricated by the foundry GECMarconi and operates between 1.4 and 2.3 GHz.
Iiit roduct ion
T h e six-port reflectjometser (SPR) [l] is a passive linear device that measures the complex reflection coefficient r of a device under test, (DUT), using four power readings, followed by a mathenmtical trea.tment of the data. As the st.ructure of an SPR i? usually much simpler t,han that of a traditional netswork analyzer, it is a good candida.t,e for integration.
There have already been some a.pproaches t,o realize an S P R in MMIC technology. One possibility is t o use traditional structures and t.0 replace tra.nsmissioii lines which would be too long for int,egrat,ion by equivdent lumped-element circuits [a] . In general, this approach results in a ra.ther mrrow operating bandwidth of the device. Another possibility is to use an essentially resistive structure [3] . T h e resulting circuit operates over a fa.irly large bandwidt81i but shows considerable losses.
The structure presented here is some sort of compromise between these t,wo ext,remes. It. has a medium-range operating bandwidth of t,ypically one to two octaves and a relat,ively low a.ttenuat,ion of about 6 t o 10 d B between the power source and t,he measurement port,. It, also 1ia.s a. low sensibilit,y for fabrication tolerances of element values, these tolerances can be rather high in MMIC technology. Figure 1 shows the struct,ure of t,he new SPR, with port 1 reserved for the power source a.nd port, 2 for the DUT. T h e S P R consists of a power divider which leads a part of the incident. power to the matched reference detector Ds, followed by a. phase shifter which is surrounded by three non-ma.tched diode detectors D4, D5, and D6, which present, a high input impedance.
Presentation of the new structure
It can be shown t1ia.t for the ideal case where the power divider and the phase shifter a,re perfectly matched and the input impedaace of t,he power detectors is infinite, the cha.ra.ct.eristic qi points [1] and 180" respectively. T h e optimum value for y is GO', where the qt points are each 120' apart, but the circuit can be used for a range of 'p between about 20' and 140°, corresponding t o a phase difference between the qf points of at least 40'. Figure 2 shows the layout of the new SPR in Rlh,lIC technology. T h e circuit has been fa.bricated within the EUROCHIP project using the F20 GaAs process of GEC-Marconi a.nd has a. surface of about 2.2 1111112.
R,ealization in MMIC teclinoloev
For t.he power divider, a. resistive structure [3] was chosen because of its ideally unlimited bandwidth. The phase shifter used was a simple low-pa.ss circuit consisting of two inductances and a capacitor. For the diode detectors, the structure shown in figure 3 was used t o take into a.ccount the fact that the detect.ors 0 3 and 0 4 ha.ve no access which is connected t o the ground of the circuit [4] . T h e input resistance of the power detectors is high enough so that, they only have a small influence on the beha.vior of the circuit,, they can be rega.rded as a. sort of para.sitic element,s that cause some a.dditiona1 atten-11 a t ion.
Results of iiieasurements
At present t.ime, the calibration of the S P R succeeds between 1.4 and 2.3 GHz, outside of this range, a nonlinear optimization used during the procedure fails due to poor initial estimates. It will probably be possible to enlarge the range of operation by using a different algorithm for finding these estimates as the phase shifter presents acceptable values between 0.5 and 3 GHz. Attenuation between ports 1 and 2 is 6 dB at 0.5 GHz, it rises to 9.5 dB at 3 GHz due to the low-pass structure of the phase shifter.
To evaluate the performance of the new SPR, the reflection coefficients of several test charges were measured with both the S P R and a commercial network analyzer. The maximum error (absolute value of the complex difference) was 0.03 over the whole frequency range for all measured charges. Figure 4 shows as an example the measurements made at 1.8 GHz, one can see that the positions of the points are practically identical.
Conclusion
A new simple structure for a six-port reflectometer has been presented that uses non-matched diode detectors and is well adapted for integration in
